To identify the chromosomal loci of allelic loss in intrahepatic cholangiocarcinoma (ICC), we performed an allelotype study of 36 ICCs using 55 genome-wide microsatellite markers. Loss of heterozygosity was found most frequently on 8p (65.6%), 17p (64.7%), and 9p (64.5%), followed by 18q (54.2%), 1p (48.5%), 3p (44.8%), 9q (42.1%), 14q (41.7%), 6q (41.7%), and 1q (40.6%). The fractional allelic loss (FAL) values ranged from 0 to 0.731 (mean, 0.322). Analysis of the relationship between FAL values and clinicopathologic parameters disclosed significantly higher FAL values in moderately to poorly differentiated ICCs than in welldifferentiated ones (P < .05). In summary, this study defined for the first time the overall number of chromosomes having allelic loss and the chromosomal arms and/or regions potentially involved in the development of ICC.
As in other human cancers, loss of tumor suppressor gene function might be a critical event in cholangiocarcinogenesis. The typical inactivation of many tumor suppressor genes is the mutation of one allele and the loss of the other allele (13) . The loss of one allele can be detected as a loss of heterozygosity (LOH); therefore, LOH can be a landmark in chromosomal regions that may harbor tumor suppressor genes.
Genome-wide allelotyping, which assays the frequency and extent of lost regions on autosomal arms, has been performed for several tumor types. To our knowledge, there has been no report of genome-wide allelotype analysis in ICC. In this study, we performed an allelotype study of 36 ICCs using 55 microsatellite markers that cover 39 nonacrocentric chromosome arms and investigated the relationship between these genetic alterations and the clinicopathologic findings.
MATERIALS AND METHODS

Tissue Samples and DNA Extraction
The hepatic resection samples from 36 patients who had pathologically defined ICC at Seoul National University Hospital (29 cases) and Inje University Seoul Paik Hospital (7 cases) were analyzed. All of these patients had been included in our previous study (6) . All samples were formalin fixed and paraffin embedded. Five 10-m-thick serial sections were made from paraffin-embedded tissue blocks. The sections were stained with hematoxylin and eosin, and normal liver or tumor portions were selectively microdissected excluding mesenchymal cells as possible. These microdissections enabled us to enrich the tumor cell populations by 50% to 90% in each tumor sample. After deparaffinization, DNA from tumor and matching non-neoplastic tissue samples was collected and prepared by standard phenol/chloroform methods (6) .
Polymerase Chain Reaction-LOH Analysis
Fifty-five microsatellite markers covering all of the non-acrocentric chromosome arms were ob-tained from Research Genetics (Huntsville, AL). Polymerase chain reaction (PCR) was carried out in a mixture of 20 l containing 50 ng DNA, 1ϫ Taq polymerase buffer (Promega, Madison, WI), 1.5 mM MgCl 2 , 0.4 pmol of each primer, 0.2 mM of each deoxynucleotide triphosphate, 1.5 Ci of [␣-32 P]dCTP, and 1.0 unit Taq polymerase (Promega). With the use of a thermal cycler (version 2.0; Perkin Elmer Cetus, Norwalk, CT), the reaction mixtures were put through PCR; initial denaturation (94°C for 4 min), 29 to 32 amplification cycles of denaturation (95°C for 30 seconds), annealing (55°C to 60°C for 30 seconds), and extension (72°C for, 30 seconds). This was followed by elongation at 72°C for 10 min. One microliter of the PCR product solution was mixed with 2 L gel loading buffer (95% formamide, 20 mM EDTA, 0.05% bromophenol blue, 0.05% xylene cyanol), denatured at 95°C for 5 min, and then applied (3 L/lane) to denaturing 6% polyacrylamide gel containing 7 M urea for 2 hours using a sequencing-type apparatus (Kodak Biomax STS-45 i Sequencer; Kodak, Rochester, NY). The gel was dried on filter paper and exposed to x-ray film (Kodak XRP-1) at Ϫ78°C overnight. LOH was scored after visual estimation by two of the authors (YKK, WHK) independently if the band intensity was reduced by more than 50% by visual estimation in tumor DNA as compared with normal DNA. Figure 1 . A high frequency of allelic loss (Ͼ60%) was detected on chromosomes 8p (65.6%), 17p (64.7%), and 9p (64.5%). Relatively high frequency loss (40 to 60%) was found on 18q (54.2%), 1p (48.5%), 3p (44.8%), 9q (42.1%), 14q (41.7%), 6q (41.7%), and 1q (40.6%). Intermediate frequency loss (25 to 40%) was found on 2q (25%), 4q (30.8%), 5q (32.4%), 7p (25%), 7q (33.3%), 8q (35%), 11p (35.5%), 12q (35%), 13q (33.3%), 15q (36%), 16q (26.9%), 17q (37.5%), and 20q (28.6%). Other chromosomal arms had an LOH frequency of less than 25% (Fig. 2) . The three markers on 8p showed an overall high allelic loss with higher frequency at 8p22 (D8S254, D8S261) than at 8p23 (D8S264). The LOH on chromosome 17p was found in 22 of 34 cases (64.7%), and it was more frequent at locus D17S520 at 17p13-p12 than at TP53 at 17p13.1. Four markers on 9p were located near the p16 gene locus and revealed an overall high allelic loss. Other markers that showed high allelic loss were D3S4103 (12 of 
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alleles in both arms, and the remaining 8 cases showed LOH on one arm (1p LOH in 2 cases and 9p LOH in 6 cases) (P ϭ .02).
Fractional Allelic Loss in ICC
The fractional allelic loss (FAL) in a tumor was defined as the number of chromosomal arms on which allelic loss was observed divided by the number of chromosomal arms for which allelic markers were informative (14) . The number of informative chromosomal arms was 23 or more in each case. The FAL values varied among the 35 cases, ranging from 0 to 0.731 with a median value of 0.273 and a mean of 0.322. Possible associations between FAL values and LOH at specific chromosome arms were investigated, and LOH at 1p, 3p, 8p, 9p, 14q, 17p, and 18q showed a significant association with high FAL values ( Table 2) .
We compared the FAL values between cases with or without p53 mutation/overexpression, K-ras codon 12 mutation, and LOH on APC (6). Cases with p53 mutation showed higher FAL value than cases without p53 mutation (0.47 versus 0.26; P ϭ .0002). Cases with LOH on APC also showed high FAL value (0.58 versus 0.25; P ϭ .0003). In contrast, cases with K-ras code 12 mutation showed lower FAL value than cases without such mutation (0.17 versus 0.37; P ϭ .006).
We also tried to determine the significance of FAL values in association with clinicopathologic parameters including age, sex, tumor size, histologic type, degree of differentiation, tumor location, and gross type. The only significant relationship found was with histologic differentiation. The moderately or 
DISCUSSION
This paper represents the first study of genomewide allelic loss in ICC. Ding et al. (5) first reported the LOH of 14 ICC cases using Southern analysis with 22 restriction fragment length polymorphism markers on 16 chromosomal arms. In their study, the informativeness was high (71.6%) but the LOH was found only on 7 of 16 arms (1p, 1q, 5q, 7p, 9q,  12q, 17p) , and the mean LOH frequency was low (10.4%), ranging from 7.7 to 44.4%. In this study, we performed LOH on all 39 chromosomal arms by using a PCR with highly polymorphic microsatellite markers after careful microdissection, and we observed higher frequency of LOH (32.2%).
Most of the sites of allelic loss identified in this study corresponded to known or suspected tumor suppressor loci. LOH occurs most frequently on chromosomes 8p, 17p, and 9p. Frequent LOH on 8p has been found to occur in several human cancers, including colorectal, bladder, prostate, lung, ovary, breast, and liver cancers (14 -19) . Neither a consensus area of chromosomal loss nor a specific tumor suppressor gene has been recognized, yet the 8p21-p23 has been implicated most frequently (16, 19) .
Our data showed frequent LOH of 8p with a possible localization at 8p22. This suggests a presence of candidate tumor suppressor gene in this locus. LOH of 17p has been reported in many malignant tumors and is thought to be associated with the inactivation of the p53 gene. In ICC, 17p allelic loss of more than 40% has been reported (5). In our study, the frequency of allelic loss was also high. However, it was not localized only on the p53 locus. An even higher frequency of loss was noted on markers around p53 than on intragenic TP53 marker. It supported the presence of a second tumor suppressor gene on 17p, as suggested in other malignant tumors (20, 21) . The high frequency of allelic loss of 9p around 9p21 in our study, which is the same as in previous reports, suggests that the p16 gene might be involved in cholangiocarcinogenesis (12) . Our study also showed frequent LOH on 18q12 near the DCC or DPC4/SMAD4 tumor suppressor genes and 3p14.2 at the FHIT locus. The FHIT is a recently identified gene that spans the fragile site locus at 3p14.2. It has been proposed as a candidate tumor suppressor gene because of its frequent alteration in a variety of human tumors, including lung, renal, nasopharyngeal, breast, stomach, and pancreatic carcinomas (22) (23) (24) . In the present study, the LOH of 3p was localized on the FHIT locus, which supports the suppressive role of FHIT implicated in cholangiocarcinogenesis. We also found associations between losses in 1p and 9p, indicating the possible cooperation of corresponding genes in the tumorigenesis of ICC.
The extent of allelic loss in a tumor can be estimated by FAL, and an increased FAL value has been reported to be related to aggressive tumor behavior in colorectal carcinoma (14) . The calculated FAL value (0.322) in the 35 ICCs in our study was higher than the FAL value for colorectal (14) , stomach (25) , non-small cell lung (26) , and hepatocellular carcinoma (18) . This might partly explain the aggressive behavior of ICC. However, the large variations in FAL observed for each tumor type and the differences in various experimental settings preclude the conclusion that these differences reflect distinct mechanisms in tumor development.
We found that LOH of 1p, 3p, 8p, 9p, 14q, 17p, and 18q all showed a significant association with high FAL values. These findings suggest that allelic losses on these chromosome arms might play an important role in the development and progression of ICC. We also compared the FAL values with our previously reported data about p53 mutation/overexpression, K-ras codon 12 mutation, and APC LOH in ICC (6) . The significant correlation of high FAL values in cases with p53 mutation and LOH on APC was as expected. However, there was an inverse relationship between FAL values and K-ras mutation. Because no difference in K-ras mutation be- tween low-FAL groups and high-FAL groups has been reported in colorectal carcinomas (14) , it is unclear whether this inverse relationship accounts for distinctive pathways in cholangiocarcinogenesis. This warrants further study. The comparative analysis with clinicopathologic parameters disclosed a significant association between FAL values and tumor differentiation. This may partly explain the relatively favorable prognosis of welldifferentiated ICCs, such as papillary adenocarcinoma. In summary, the first comprehensive allelotype study of ICC using microsatellite markers defined chromosomal arms showing frequent LOH and FAL values. Further studies, using fine focusing to identify the locations of tumor suppressor genes, will be required in order to understand the molecular mechanisms of carcinogenesis in ICC.
